Résumé. 2014 Abstract. 2014 At equilibrium thin films of symmetric diblock copolymers exhibit a morphology where the lamellar microdomains are oriented parallel to the external surfaces. Interference microscopy has been used to investigate this orientation which results in a quantization of the film thickness. Solution cast films of the symmetric polystyrene/polymethylmethacrylate P(S-b-MMA) diblock copolymers exhibit a single interference color characteristic of a film of uniform thickness with a free surface that is flat and smooth. Interference microscopy on these films annealed at 170°C for 24 hours and more shows the development of two distinct interference colors. The variations in the colors are discrete rather than continuous indicating step discontinuities in the film thickness with a height equal to one period of the underlying oriented lamellar multilayer. The free surface topology is such there are patches of one color spread across the surface on a uniform background, i.e., there are islands or depressions on the surface. The average size and spatial distribution of these islands or depressions are found to vary with annealing time ; the appearance of the free surface is reminiscent of a two-dimensional phase coarsening process. The time dependent change in the case of depressions is reported herein.
Interference microscopy on thin diblock copolymer films G. Coulon (1) , D. Ausserre (1) and T. P. Russell (2) (1) Institut Curie, Section [1] [2] [3] [4] that the equilibrium spatial period, L, varies with the degree of polymerization N as L oc Np where p is 1/2 in the weak segregation case and 2/3 in the strong segregation limit. In the present study, we have investigated poly(styrene)/poly(methylmethacrylate), P(S-b-MMA) symmetric, diblock copolymers which have been shown to be in the weak segregation limit for total molecular weights less than 35,000 and in the strong segregation limit at higher molecular weights [5, 6] . The experimental lamellar period of P(S-b-d-MMA) (where PMMA is perdeuterated) was found to vary from c.a. 175 Â to c.a. 520 A [7, 8] when the total molecular weight of the copolymer increased from 29,780 to 121,300.
Microphase separation results in properties not seen in homopolymers. In fact, the macroscopic properties (mechanical, optical and structural) can be tailored during synthesis by control of the block molecular weight. Consequently, block copolymers in bulk have been studied for many years due to their technological importance [9, 10] . Block copolymers also exhibit interesting surface activity. The difference in the surface energies of the two components causes preferential adsorption of one component to the surface. It is precisely this behavior that leads to the application of copolymers as membranes and adhesion promoters. Up to now, few studies have dealt with surface induced ordering of block copolymers. X-ray photoelectron spectroscopy [11, 12] , transmission electron microscopy [13, 14] and neutron reflectivity studies [6, 8] Results and discussion.
Prior to annealing, the specimens are in a state far from equilibrium. Previous studies [7] have shown that the equilibrium morphology within the specimen was reached within 24 hours of annealing. This is characterized by a lamellar structure parallel to the surface of the copolymer film such that a PMMA layer was found adjacent to the silicon wafer and a PS layer on the free surface [5] [6] [7] [8] [6] [7] [8] . A model of multilayer stacking deduced from these studies is shown in figure 3 and was used to evaluate the step heights. By using the Newton's scale, the observed successive interference colors can be indexed assuming the steps have the same height, H. In the present case, up to where the mean refractive index n was taken as 1.55 (nps = 1.6 and nPMMw = 1.5 ). The height of the steps has to satisfy equation (1) for each value of i. For example, in the case of the light brown color (i = 1 ), the optical path given by the Newton's scale is c.a. 1 580 ± 600 Â, and therefore the corresponding height is : 340 ± 130 Â, (AH/H = 0.4 ). Equation (1), however, is much more restrictive for colors corresponding to large i. As an example, for the 10th color (yellow), the optical path is equal to 11 510 ± 500 Â and the corresponding height is 390 ± 17 Â, (OH/H = 0.04 ).
For the P(d-S-b-MMA) copolymer under study, the height H had to satisfy equation (1) The thickness of the PS layer at the air/copolymer and the one of the PMMA layer at the copolymer/silicon surface are half the one of the inner lamellae. The period L corresponds to the total thickness of two successive PS and PMMA lamellae. Some holes (patches) are represented in the top layer, in a very schematic way. More especially, concerning the edges of the holes, the polymer adjacent the holes should be PS as it is suggested by the surface segregation at the air/copolymer interface. block copolymers, the steps observed at the perimeter of the air/copolymer surface, correspond to the period of the lamellar morphology as measured by small angle X-ray scattering on bulk samples [5] .
The light brown and indigo blue colors observed in the central part of the air/copolymer surface ( Fig. lb and Fig. lc) fall in the spectrum of interference colors characteristic of the perimeter of the sample. They correspond, respectively, to the 2nd and the 3rd colors (Tab. II). This means that, after annealing at 170 °C for 24 hours or 72 hours, the air/copolymer surface is no longer flat, but is studded with numerous depressions (light brown patches), the depth of which is equal to one period of the lamellar stacking. Within each region, however, the surface is smooth to within the resolution of the measurement. This morphology can be explained as follows. After annealing above T., the liquid copolymer rearranges into lamellar microdomains that lie parallel with respect to the surface. This is similar to structures that are observed in smectic liquid crystalline compounds. The sample has to accornmodate both the initial imposed thickness and the periodic conditions perpendicular to the surface. The excess copolymer (incomplete, surface layer) forms islands on the underlying multilayered film. This incomplete layer, however, microphase separates in a manner identical to and in register with the existing underlying multilayer. In the example [17, 18] . Although the origins of the growth mechanism should be different in block copolymers, the similarity in their behavior should be noticed. For example, it could be fruitful to compare the present work with studies on phospholipid monolayers at the air-water interface which have revealed the formation of dense domains on a liquid sub-phase [19] . Block copolymer films could actually be considered as a potential model system for these types of studies.
